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This invention relates to electric power control circuits
and more particularly to improved circuit arrangements
for controlling the flow of resistance welding and/or re-
sistance heating current to the power transformer of an
electrical resistance welding machine, for exampie. The

primary object of the invention is the provision of im- °

proved control circuit arrangements for the general pur-
pose indicated which while having normally desired ex-
treme accuracy and consistency in timing the number of
cycles of the alternating current source applied during the
weld period and/or applied during a post-heat period, for
example, is nevertheless durable and entirely practical in
actual industrial use, is capable of being assembled and
continuously operated without dependency on extreme ac-
curacy of operation of various circuit components such as
discharge devices, capacitors, and potentiometers, and is
readily adaptable to a “sub-assembly” style of manufac-
ture whereby the effective industrial utilization and main-
tenance of the complete control system is facilitated.

A further object of the invention is the provision in
control apparatus of the general character outlined above
and having the usual general provisions for timing the
number of cycles of the source applied first for welding
and thereafter for post-heating or annealing and for pre-
determining during each such part of a cycle of opera-
tion the portions of the consecutive half cycles of the
source to be translated, of improved circuit arrangements
for positively separating and individually controlling the
consecutive parts of the complete operational cycle while
yet minimizing the hiatus between the two to thereby in-
sure both the precision of adjustable comtrol over the
quantity and time distribution of the energy translated for
each part, and an improved continuity in the flow of
welding and post-heating current which is highly desir-
able in certain difficult resistance welding operations as in
effecting welds of aircraft quality in aluminum, for ex-
ample.

Another object of the invention is the provision of
power control apparatus having the characteristics above
outlined which can be readily interconnected with other
control apparatus for sequencing the actnations of me-
chanical parts of an electric resistance welding machine
such as electrode-carrying members, for example, where-
by the control apparatus of this invention may as a self
integrated unit but in combination with the particular
conventional sequence control required for the individual
machine to which it is applied constitute a precision
welder control of such completeness and versatility that
it may be taken as standard control apparatus for preci-
sion welding under almost limitless variations in operat-
ing conditions. Thus the apparatus is as readily adapt-
able for three-phase power as for single phase power and
in any combination the duration of and rate of current
flow may be precisely controlled, provision is made for
the avoidance of unbalance in the direction of current flow
through the welding transformer primarily and welding
may be effected with or without post-heating or, alterna-
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tively, the second time phase may be used for welding
while the first is used for pre-heating.

All of the above is brought about by the principles of
the present invention through the conception of segregat-
ing the various individual control instrumentalities of the
system into three sections or sub-assemblies which in ac-
tual practice may be physically separated into different
units and interconnected by quick detachable multiple-
conductor connectors which will be apparent to those
skilled in the art. The first section may contain, in ac-
cordance with the hereinafter described preferred em-
bodiment of the invention, a suitable contro] power sup-
ply and precision types of timing and recycling circuits
whereby at the start of a welding cycle an initiating signal
is furnished synchronously with the voltage wave of the
source and at a precisely measured later time a second
signal is furnished to interrupt the flow of welding current
at the completion of translation of the particular cycle of
the source which is then occurring, whereby simultane-
ously with the generation of said second signal a relay is
actuated to condition the primary translating means for
transmission of power at a different rate than may be re-
quired in post-heating, for example, whereby the genera-
tion of a third initiating signal is delayed until the said
relay is fully actuated. The third signal is utilized to re-
initiate the power current flow, translate the post-heat
current and the timing assembly thereafter produces a
fourth signal to condition the translator for interruption
at the expiration of the particular signal of the current
source then existent. It should be observed that the tim-
ing assembly is in effect a device for issuing impulses at
timed intervals and being more or less self contained and
free from extrancously generated tramsients may be
readily adjusted independently and may be made depend-
able in consistent operation.

The second section or unit of the control apparatus
of our invention comprises essentially a device for fur-
nishing conditioning impulses selectively at the start of
or daring any portion of the consecutive half cycles of
the voltage wave of the aiternating current source, either
in a single phase or in the consecutive phases of a
multiple phase source, for effecting conduction in elec-
tronic power translators such as discharge devices having
mercury pool cathodes with electrostatic igniters under
the primary or general control of the impulses furnished
by the first or timing section. The second or inter-
mediate section, however, may have integrally combine
with it the phase shifting or other control arrangement
for predetermining the portions of the consecutive half
cycles of the source translated and also means to always
initiate conduction in a half cycle of the same polarity
in a single phase or in any of the multiple phases of
the source while insuring translation of the opposite
polarity half cycle before interrupting all conduction.
The relay above referred to operates to abruptly shift
the adjustment of the phase shifting circuit so that the
rate of current flow may be less during the post-heat
period and, of course, suitable manual adjustment is pro-
vided to preset the rate of current flow in both the weld
and post-heat periods. The phase shifting circuits are
conveniently associated physically with the second sec-
tion of the control apparatus as logically they are moni-
tors intermediate the general timing assembly and the
power discharge section of the apparatus.

The control impulses generated by the second section
of the apparatns above outlined are passed through suit-
able conductors and utilized in the third or contactor
section of our control apparatus which is more or less
of conventional construction in that it comprises, if
arranged for a three-phase operation, a solid conductor
in one of the three lines and a pair of inversely con-
nected discharge devices in each of the other two con-
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duictors- with ‘each of the discharge devices having a
mercury pool cathode :and -an -ignition -electrode having
electrostatic contact with the mercury. = As is well known
‘in-the art and.as we have employed the same here con-
duction may be initiated in such discharge devices by

: passing current through the ignition electrodes - and cath- .

odes in timed relation to the voltage wave of the applied
- alternating current source- under the conirol of gaseous
‘discharge devices which dre connected in series with-such
“ignition “electrodes. - In. our apparatus, we -utilize - the
conventio'ial‘p'ractice ‘of applying the above mentioned
conditioning impulises to ‘the control grids of the gaseous
discharge devices. -
- For a better understandmo of the principles of our

invention and of the various advantages, particularly of |
a practical industrial nature, which flow therefrom ref- -

10

15

erence .should be had to the following. detailed speuﬁ- -

cation and the accompanying drawing wherein there is
disclosed ‘a certain representatlve embodiment of the
invention.

“The drawing, on three sheets, is a auhemauc repre-
sentatlon of "a .complete electric -power- control system
constructed and arranged-in accordance with the prin-
ciples- of our invention and for convenience in future
reference - the ‘three principal parts “or -sections of the
control. system "are designated respectively qure lA
Flgure 1B and Figure 1C.

Section C --of the: complete control system herem~

<hown is substantially of known and conventional con-

‘ struction for controll:ng the flow of power from a three-

~-phase alternating: current source comprised  of the line
- conductors' L1, L2 and L3 connected to a.three-phase
power . transformer: 10 which is 'shown as supplying its
reduced voltage output to-a rectifier assembly 11 which
in turn furnishes direct current to the welding electrodes
12. “Thus,: conductor L3 'is connected -directly to-one
terminal of the primary winding of transformer 10 while
conductor L1 is connected to -another terminal of the
primary winding ‘through a pair of discharge valves 13
and 14 which are connected in inverse parallel relation
and each: of which- is provided with a mercury pool
- cathode and . an immersion type of ignition electrode
whereby the. positive and negative half cycles- of -the
_current of the two phases-handled by conductor L1 may
be transmitted as desired. ' Similarly a pair of inversely
~connected and-similar discharge valves 15 -and 16 con-
“duct predetermined portions of the positive and negative
“haif: cycles ‘of the current wave in the two phases of
~“the 'source handled by conductor L2 -to the third ter-

minal of the primary winding of the power transformer 59

10.  Arranged in a suitable:circunit in series with the
_igniticn- electrode- of the discharge valve 14 is a gaseous
discharge ~device -17—the series ‘circuit- including the
supply -conductors ‘L3 and L1 whereby there may be
applied to- the ignition electrode of valve 14-a . current
impulse to initiate conduction in this valve during cer-
tain of -the half cycles of the current source and at pre-
determined times during these certain half cycles. - As
shown, the gaseous discharge device 17 is grid-controlled
and its control-potential is furnished by conductors 17"
cand 17’ A similar gaseous dischargé device 18 is pro-
vided: 'to- time the -application of ignition current:to
- valve 13, device 19 is provided for valve 16, and device
20.is similasly provided for valve 15. . Grid control cir-
- cuits 18'—18", etc are prOVIde for the devices 18, 19
and 20.
. Ttisthe fdnctl"’l of control section B to apply to each
of the four control  grid - circuits 17—17" - through
.20"—29""- pericdic contrel potentials ‘which bear a pre-

determined - phase ‘relation to the particular half cycles

- of-the current source which are transmittible by the par-
ticular-vaives with which these circuits are associated, all
zs determined by phase shifting networks integrally con-
tained in section B.. It is also the function of control sec-
tion B to insure that the transmission of power to the load
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is always initiated on a half cycle of the same polarity
and. always terminates at the end of.a half cycle of
opposite polarity which follows the receipt of a timing
impalse from the apparatus of section A which -will be
described in detzil below.
only avo
former.but due to the inherent Keying action provided by
the inherent continuance of conduction.through the- last
half cycle of opposite polarity provides a “time hiatus
which we utilize to ready certain circuits for the trans-
mission of different current values in advance of the timed
initiation of this second operational  phase.
action enables us to distinctly separate the involved regu-

latory phases. of the complete operational cycle and to

thereby obtain a wider range of adjustability, greater pre-
cision, and greater dependability than has heretofore been
chtained in comparable apparatus while at the same time
enabling the currént flow in the second phase to be imi-
tiated almost sim*vltanpously upon the cessation-of cur-
rent flow in the first timed phase. -The above outlined
moede of opération of the control section:B is accom-
plished by the apparatus now to be described. - Since the
control for the full-wave contactor comprised of the
valves 18—15 is identical to-the control for the contactor

5 comprised of the valves 13 and 14, only the latter will be

described in detail. - :
The control current impuises are furnished the circuit
17'—17" by the secondary of a transformer 21 the pri-
mary of which is in an energizing circuit compiising in
series the secondary winding section 2Za of a transformer
22 {derives energy from line conducters LY and 12),

primary. of transformer 21, grid-controlléd gaseous dis- -

charge device 23, grid-centrolled gaseous discharge device
24, conducior 235, conductor
tacts CR51 of relay CRS (ssction A), and conductor 26
to the center tap of winding 224. A similar circuit-ar-
rangement compris
controlled gaseous discharge device 28 which is energized
from -transformer . secondary winding section. 225 is pro-

vided to furmish control impulses to the control circuit -

18’—38"" and again this impulse furnishing circuit. in-

cludes the discharge device 24, conduciors 25 and 33,’ g

contacts CR51, and conductor-26:

~To provide for the timed conduction in Lhe dew‘e 24
auad consequently for the timed energizaticn of the trans-
formers 21 dnd 27 and for other purposes we provide

a circuit comprised- of the transformer secondary section
225, conductor 23, a grid-controlled gasecus diSCharge

-device 30, parallel connecLed capacitor 31 and resistors 32;

conductor 25, conducior 33, relay -contact CRS51 and con-
ductor: 26 back to winding 226, A grid biased circuit for
the discharge device 39 is-comprised of the conductor 34
and for the present we will merely state that normally the
potential on conductor 34 is rel?tively negative- but upon

“7 actuation of the sequencing and d'nmc' sectlon A to initiate

5 pacitors 31 and resistors 32 are

power flow the potential is swung far positive to initiate
conduction in device 39 -upon the alternating potential
in winding

duct capacitor’ 31 is charged in a positive direction with
respect to the grid of device 24 to which it is-connected
through conductor 35 -and resistor 36 and device 24 is

. thereby conditioned for conduction and at this point . it

should be: noted particularly that the parameters of ca-
0 chosen that the sustain-
ing potential of the capaciter 31 remains in -effect for
somewhat less than one-half cycle of the source following
the end of the positive-half cycle furnished by transformer
winding-22b. - Gf course, capacitor 31 is charged instan-

‘tanecusly and we can therefore consider the devices 24
and 31 as beginning to conduct simultaneously. upon the

appearance of a positive haif cycle of the source in the
phase transmitted by line conductors L1, L2 to which the
primary of transformer 22 °is.connected while -upon ex-
tinguishment of the sustaining potential in conductor 34

This mode of operation not .
ids umidirectional saturation of the welding-trans--

The keying:

33, normally opened con-

ed of the transformer 27 and grid- -

22b becoming positive with respect to the de-
- vice 30, Immediately upon device 39 beginning .to con-

0
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tially the whole of the negaiive half cycle of the source
following the terminaticn of the particular positive half
cycle at the termination of which cenduction in device
3§ was ended.

Periodic control potentials are furnished the devices 23
and 28 by a transformer 37 through a phase shifting net-
work comprised of capacitcr 38, potentiometer 39, and
cither potentiometer 4% cor potentiometer 4%, depending
on the particular part of the complete operational cycle
which is in being. The shift from potenticmeter 45 to
potentiometer 41 is made by the contactors on relay CR&’
which may be either separate from a relay CR6 in section
A as shown or which may be incorporated with relay CR6,
depending on wiring preferences. Also, the immediaie

leads to potentiometers 48 and 41 will be brought out -

to a readily accessible control panel for ezse in adjusiment
as will be understood. The potentiometer 48 may be
utilized to defermine the portions of the consecutive half
cycles of the current source in the phase handled by the
line conductors L1, L2 which are transmitted to the weld-
ing pericd, for example, while the potentiometer 41 is
utilized to adjust strength of curreat through a post heat
period, for example. It should be understood at this
point that a similar two-step phase shifting network com-
prised of potentiometers 48’ and 4%’ acting through dis-
charge device 23" and 28’ and discharge device 39’ deter-
mines the strength of current transiated by valves i5 and
16 from the phase which is handled by line conductors L2
and 1.3. In actual practice, the potentiometers 48 and 46°
are ganged, also the potentiometers 4% and 41’. The
duplicate circuits described inherently provide an effeciive
control over the strength of current conducted to the weld-
ing transformer I3 from the third phase handled by the
line conductors Li, L3 as will be understocd by ihoss
familiar with the art. :

Referring now to the timing and sequencing section A
of our control circuit, the same includes a conventional
rectifier and filter assembly 95 for furnishing D. C. po-
tential across conductors 42 and 25, conductor 25 being
connected to the source through conductor 33 as will be
observed. Reference numeral 43 designates a time delay
relay which withholds energization of relay CRS5 and
consequently of the direct current conductors 42 and 25
until the cathodes of the various discharge devices are
properly heated. A suitable comtactor or switch, not
shown, is employed to control the energization of line
conductors L1, L2 which is herein taken as a source of
control potential and immediately upon such energiza-
tion and the subsequent closure of relay CRS a pair of
discharge devices 44 and 43 will begin to conduct im-
mediately, it being observed that the device 44 is con-
nected across the D. C. source 42, 25 through conductor
46, primary winding of transformer 47 and conductor
48, while device 45 is connected across this source
through conductor 49, primary of transformer 5§, and
conductor 51. Also connected across this source is a
discharge device 52 which is generally in parallel with
device 44 and has its anode connected to the anode of
device 44 through capacitor 53 and the primary of trans-
former 47. The anode of device 52 is also connected
to the positive conductor 42 through a resistor 54 which
has a tap 55 connected through potentiometer 56 and
the secondary of transformer 57 to the control grid of
device 44. In parallel with potentiometer 56 and a
portion of resistance 54 is a timing capacitor 57’. A
similar parallel circoit for the device 45 is provided
in the form of discharge device 58, anode coupling
capacitor 59, resistor 68, potentiometer 61, transformer
62 and timing capacitor 63.

A source of regulated direct current biasing potential
for discharge devices 52 and 53 is provided by the por-
tion of the secondary winding of the control power
transformer 64, rectifier 65, and a gaseous diode 66
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which functions to maintain the potential in a line con-
ductor 67 at a pre-fixed lower value than the potential
in conductor 25 to which the cathodes of devices 52
and 58 are connected. The control grids of devices
58 and 59, being connected to the conductor 67 will
have a normal negative bias and these devices will there-
fore be held nonconductive initially.

To initiate a cycle of operation after conditioning of
the contrel to the extent above described we provide
an initiating circuit in the form of conductors 68 and
69 which lead outwardly to a suitable switch, not shown,
in a master sequence conirol for the complete equipment
and which are adapted to be held connected during the
whole of a cycle of operation. When connected, the
conductors 68 and 65 furnish plate potential to a dis-
charge device 78 through resistance 71, normally closed
contactor 72 of relay CR6 and primary winding of trans-
former 73. The control grid for device 70 is in a cir-
cuit including diode 66 and the secondary winding 74
of a transformer 75 which derives its energy indirectly
from line conductors L1 and L2 and upon the potential
in the winding 74 swinging sufficiently in a positive di-
rection to overcome the negative potential regulated by
the diode 66 the device 70 will begin to conduct. In
doing so it wiil generate a current pulse in the sec-
ondary of transformer 73 which through conductor 76
will be transmitted to the control grid of device 52 to
overcome the normal negative grid bias furnished by
the conductor 67 and the device 52 will begin to con-
duct. Thereupon the dynamic action of capacitor 53
will momentarily withdraw anode potential from device
44 and the latter will be extinguished. it should be noted
that there is connected to the anode of device 44 through
suitable resistance the conductor 34. While device 44
is conducting the potential in conducior 34 is at the
potential in conducior 25 plus only the arc drop across
the device 44 and is therefore sufficiently negative to
withhold conduction in the devices 38 and 3¢’ of section
B. Upon device 44 being snuffed out, however, the po-
tential in conductor 34 rises rapidly to the potential in
conductor 42 and thereupon the devices 38 and 36’ begin
to conduct to begin a power supply period. This may
be the actual weld period and its length is determined by
the rate of discharge of timing capacitor 57 through
potenticmeter 56, it being understood that during con-
duction in device 44 grid rectification in this device
brought the potential of the grid connected terminal
of capacitor 87’ down substantially to the pctential of
conductor 25, plus only the arc drop between the grid
and cathode of this device. Now as timing capacitor
57" discharges its grid connected terminal becomes pro-
gressively more positive at a rate determined by the tap
settings of potentiometer 56 and resistor 54 and even-
tually it is sufficient, when coupled with an A. C. bias
furnished by secondary winding 77 of transformer 78,
to initiate conduction in device 44 which thereupon im-
mediately reduces the potential in conductor 34 to ex-
tinguish devices 38 and 39" while through the action
of capacitor 83 extinguishing device 52. Since the A. C.
bias furnished by the transformer secondary 74 to initiate
conduction in devices 78 and 52 thereby starting a period
is keyed to the A. C. bias furnished by transformer
secondary 77 to re-initiate conduction in device 44 to
stop the period, both the starting and stopping of the
enabling potential applied to the grid of valve 30 may
be made to take place in half cycles of the same polarity
so that power conduction always starts during a half
cycle of one polarity and ends upon the expiration of a
half cycle of opposite polarity due to the action of ca-
pacitor 31 so that the timing is always in substantially
full cycle increments which makes for uniformity in op-
eration, regardless of variations in the operational char-
acteristics of individual components, and for freedom
from power transformer saturation. Also, consistency
results even though considerable variation in the exact
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synchronous timing of the “start” signal and the “stop
signal furnished by section A to section B.

- If the control system is arranged to apply to the work or
load a first pericd of .one current strength to be followed
by a second period of another current strength as in weld-
ing and post heating, for example, a double-pull double-
throw switch 79 is ' moved to position shown in the draw-
mg whereby the secondary of transformer 47 is connected

,m the control grid circuit of a discharge device 88 which
in turn is connected across the D. C. control power supply
- through the circuit comprised of conductors 42 and 25,
the external initiating switch above réferred to, conductor
" 69, resistor 81, coil. of relay CR6, and conductor 82.
Therefore .upon re-initiation of conduction in.device 44
" the. device 80 will be caused to conduct to pull in relays
CR6 and CR@’. During the first period of power con-
duction with relays CR6 and CR6’ deenergized the phase
- shifting circuits comprised- of the potentiometers 48 and
- 40’:are in control. Upon energization of these relays the
potentiometers 41 and 41’ are in control to determine the
portions of the consecutive half cycles: of the current
source transmitted.

“Upon-the relay CR6. becommg energized its contactor
CR61 will close to connect the primary of a transformer

-" 90 in the anode circuit of device 7§ across.the D. C. con-

- trol current source. - Device 78 will be extinguished at
‘the time contactor CR61 closes due to the opening of con-
tactor 72 and conduction in device 70 will be re-initiated
_only upon-the application to the grid thereof ¢f a syn-
chronous pulse of proper polarity from transformer sec-
ondary 74." The reinitiation of conduction in device 78
furnishes a current impulse to conductor 91 which leads
from-the secondary of transformer 99 and upon this im-

_pulse being applied to the grid of device 58 the latter con-

- ducts to rock out device 45 through action of the capacitor
59 -and again the potential in conductor 34 rises to high
positive value to condmon devices 30 -and 39’ in section
B for conduction.

It should be observed -particularly that power-is con-
ducted for at least one-half cycle of the source after the

‘off” signal cansed by extngmshment of device 44 due to
the action of the circuits in section B and this half cycle
time interval'is advantageously used for actuation of relay
CR6 and- for conditioning of various circuits to be used
in the control application -of power. in the second period.

. The two periods of current flow can therefore follow each
other . almost - instantaneously while yet enabling a dis-
tinct segregation ‘of the timing and:other control factors
in the two periods to be effected.

- The second period timing is effected by discharge of

- timing capacitor 63 through potentiometer 61 and upon
the ‘expiration of the pre-set timing conduction is re-
initiated in device 45 to decrease the potential in conduc-
tor 34 thereby furnishing the “off” signal to control sec-
tion B.. Again, the final timing of re-initiation of conduc-
‘tion in device 45 is effected by an A. C. bias furnished by
‘transformer 'secondary 77 through transformer 62. Con-

“trol section A is provided with external connectors 92, 93

- and 94 which lead to an associated control assembly, not
shown, which is employed to provide the master control
over the entire machine assembly.. Transformer 50 which
is in the anode circuit. of device 45 furnishes a signal to
these external connections to.indicate the completion of an
opérational cycle. - If the second power period is not to
be employed the switch 79 is moved t¢ the positicn op-
posite that shown so. that upon timing out of the first
period and re-initiation of conduction in device 44 the im-

- pulse furnished by transformer 47 is fed to these external
connections to indicate the completion of an operational

(1)

cycle rather than-to the grid of device 88 to actuate relay

CR6-as explained above.
It should now be apparent that we have provided an im-

proved electric power control system which accomplishes.

.the objects initially set out in that it provides-for the dis-
tinct separation-of consecutive power periods to allow a
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maximum of accuracy in the length of these periods and
in the strength of current transmitted in each of them
while yet providing for their quick succéssion.  Of greatest
importance is the accuracy and consistency of this control
even when utilizing circuit components having normal
tolerance in performance characteristics. Of practical im-

‘portance .are the design features of the control system
whereby the respective sections thereof may be readﬂy,

separated physically for ease of installation and servicing
ina practxca‘ industrial machine such as an electric re-

-sistance wetder, for example

Since’ various changﬂs in detall may be made in the
specific control system herein disclosed without departing
from the spirit or scope of the invention reference should
be had to the appended claims in determmmo the scope
of the invention.

We claim: -

1. In apparatus. for controlling the flow of" electric
power from an alternating current source and having a
pair of discharge valves connected in inverse parallel re-
lation and each having an ignition electrode and an associ-
ated grid-controlled discharge device for conducting cur-
rent to the said electrode, the improvement comprising
a second pair of grid-controlled discharge devices con-
nected to be energized by said scurce and when energized
to apply biasing potentials to the grids of the first men-
tioned: discharge devices, means to apply to the grids of
said second pair of discharge devices periodic control po-
tentials bearing pre-selected phase relation to the alterna-
tions of the source, a ‘grid-controlled discharge device
cohnected in series in the energizing circuit for said second
pair of discharge devices, a further grid-controlled dis-
charge device connected in parallel with said second pair
of devices and the last named device, timing means to
apply a positive biasing . potentizl to said further dis-
charge device for: a predetermined number of cycles,
means to initiate conduction in said last named discharge
device simultaneously with initiation of conduction in

--said. further discharge device, and -energy storage means
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to apply & positive potential to the grid of said last named
discharge device for a part of the half cycle of the source

following the cessation of conduction of said further dlS- o

charge device.

- 2. In apparatus for controlling the flow of electfic
power from an alternating current source and having
translating means for transmitting predetermined portions
of successive half-cycles of the alternating current of the
source in response ‘to the application of periedic current
impulses " bearing predetermined phase relation to the

. voltage wave of the source, the improvement of an elec-
trical circuit assembly for furnishing said impulses com-

prising an alternating current supply synchronized with

said-source, a first discharge circuit connected across said

supply and comprising in series a discharge device and
parallel related resistance and capaciter connected to
the cathode thereof, a second discharge circuit connected
acress said supply and comprising in series an impulse
generator and a grid-controlled discharge device, said ca-
pacitor being connected across the cathode: and control
erid of said last named discharge device to maintain-said
device ‘conducting for at least one half cycle following
interruption of conduction in said first discharge. circuit:
- 3. Apparatus according to claim 2 further character-
ized in that said impulse generator comprises a pair of
grid-controlled discharge devices connected to said supply

® whereby to alternately transmit successive half-cycles of

the alternations of said supply and'a transformer primary
winding for each of the last named discharge devices and
connected in series therewith, and further including -a
vhase-

the said last named discharge devices in preselected phase
relation to the alternations of said source. :
4. Apparatus according to claim- 3 further character-
ized in that said phase-shifting network comprises a pair
of circuits for alternate comnnection to the control grids

shifting - network -to energize the control grids of.

i
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of these said last mamed discharge devices to thereby
cause these devices to transmit different portions of the
successive half cycles of the alternations of said supply,
and a relay having switch contacts to connect a selected
one of said circuits to the control grids.

5. In apparatus for controlling the flow of alternating
current to a load and having electric valves adapted to
transmit predetermined portions of the half cycles of a
source to said load; the combination of means including
a pair of grid controlled discharge valves adapted when
energized to condition said electric valves for conduction,
said pair of grid-controlled discharge valves being ar-
ranged so that upon anode-cathode potential being ap-
plied to a first of said pair during a half-cycle portion of
potential from said source anode-cathode potential is
applied to the other of said pair during the next succeed-
ing half-cycle of potential, grid control circuits for each
of said discharge valves, a phase shifting network con-
nected in common in each of said circuits, said phase shift-
ing network comprising alternately employable phase

10
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shifting devices, means for independently adjusting said
devices, and means for selectively rendering said phase
shifting devices operable in said phase shifting network.

6. Apparatus according to claim 5 further character-
ized by said last mentioned means comprising a relay
having normally open and normally closed contacts, and
further including an electric discharge device for energiz-
ing said relay, and time delay means operative a predeter-
mined time after energization of said electric valves to
energize said electric discharge device.
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